The prevalence of morbid obesity (body mass index !40 kg/m 2 ) in women aged 20-39 years was 7.5% in 2009 through 2010. Morbid obesity is associated with an increased risk of stillbirth compared with normal body mass index, especially >39 weeks' gestation. The data regarding increased risk of cesarean delivery associated with nonmedically indicated induction of labor compared to expectant management in morbidly obese women are limited. OBJECTIVE: We sought to compare the cesarean delivery rate of nonmedically indicated induction of labor with expectant management in morbidly obese women without other comorbidity. STUDY DESIGN: This was a retrospective cohort study from the Consortium on Safe Labor of morbidly obese women with singleton, cephalic gestations without previous cesarean, chronic hypertension, or gestational or pregestational diabetes between 37 0/7 and 41 6/7 weeks' gestation. We examined maternal outcomes including cesarean delivery, operative delivery, third-or fourth-degree laceration, postpartum hemorrhage, and composite maternal outcome (any of: transfusion, intensive care unit admission, venous thromboembolism). We also examined neonatal outcomes including shoulder dystocia, macrosomia (>4000 g), neonatal intensive care unit admission, and composite neonatal outcome (5-min Apgar score <5, stillbirth, neonatal death, or asphyxia or hypoxic-ischemic encephalopathy). Adjusted odds ratios with 95% confidence intervals were calculated, controlling for maternal characteristics, hospital type, and simplified Bishop score. Analyses were conducted at early and full term (37 0/7 to 38 6/7 and 39 0/7 to 40 6/7 weeks' gestation, respectively). Women who delivered between 41 0/7 and 41 6/7 weeks' gestation were included as expectant management group. RESULTS: Of 1894 nulliparous and 2455 multiparous morbidly obese women, 429 (22.7%) and 791 (32.2%) had nonmedically indicated induction, respectively. In nulliparas, nonmedically indicated induction was not associated with increased risks of cesarean delivery and was associated with decreased risks of macrosomia (2.2% vs 11.0%; adjusted odds ratio, 0.24; 95% confidence interval, 0.05e0.70) at early term and decreased neonatal intensive care unit admission (5.1% vs 8.9%; adjusted odds ratio, 0.59; 95% confidence interval, 0.33e0.98) at full term compared with expectant management. In multiparas, nonmedically indicated induction compared with expectant management was associated with a decreased risk of macrosomia at early term (4.2% vs 14.3%; adjusted odds ratio, 0.30; 95% confidence interval, 0.13e0.60), cesarean delivery at full term (5.4% vs 7.9%; adjusted odds ratio, 0.64; 95% confidence interval, 0.41e0.98), and composite neonatal outcome (0% vs 0.6%; adjusted odds ratio, 0.10; 95% confidence interval, <.01e0.89) at full term. CONCLUSION: In morbidly obese women without other comorbidity, nonmedically indicated induction was not associated with an increased risk of cesarean delivery.
Introduction
A third of women of reproductive age (20- 1 Obese women have an increased risk of cesarean delivery even after adjusting for maternal comorbidities compared with normal-weight women. 2, 3 Considering the high rate of cesarean delivery and morbidities associated with cesarean delivery, the high prevalence of class II obesity (BMI 35-39.9 kg/m 2 ; 17.2%) and class III obesity (morbid obesity; BMI !40 kg/m 2 ; 7.5%) in women aged 20-39 years in 2009 through 2010 is concerning. 4 Although obesity alone is not an indication for induction of labor, 5 obesity is a risk factor for stillbirth. 6 A recent study showed that BMI !40 kg/m 2 was associated with 3-fold increase in stillbirth compared with normal BMI, especially >39 weeks' gestation. 6 Obese women are also likely to have prolonged pregnancy, resulting in induction of labor. 7 Women with morbid obesity have an increased risk of failure of induction (29%) compared with women of normal BMI (13%). 8 Multiple observational studies of induction of labor in the general population showed an increased risk of cesarean delivery compared to spontaneous labor. [9] [10] [11] [12] [13] Because women cannot choose to enter spontaneous labor, the ideal comparison group for labor induction is women undergoing expectant management. A previous retrospective study of obese women (BMI !30 kg/m 2 ) showed elective induction of labor between 39-40 weeks was associated with an increased risk of cesarean delivery (40% vs 26%) and neonatal intensive care unit (NICU) admission (18% vs 6%) compared to expectant management. 14 Data on the rate of cesarean delivery associated with Original Research ajog.org nonmedically indicated induction of labor compared with expectant management in morbidly obese women are very limited. The primary aim of our study is to evaluate cesarean delivery rate associated with nonmedically indicated induction of labor compared to expectant management in morbidly obese women without other comorbidities at term. We also analyzed severe maternal outcomes and neonatal outcomes as secondary outcomes.
Materials and Methods
This was a secondary analysis of data from the Consortium on Safe Labor (CSL), which was conducted from 2002 through 2008 (87% of births from 2005 through 2007) in 12 clinical centers with 19 hospitals across 9 American Congress of Obstetricians and Gynecologists (ACOG) districts. 15 All participating institutions obtained institutional review board (IRB) approval. IRB approval from MedStar IRB was obtained for this analysis.
After exclusion of 106 deliveries due to errors in identification, the CSL included 228,562 deliveries with 233,736 newborns delivered at !23 weeks of gestation. Data were extracted from the electronic medical record, including maternal characteristics, maternal antenatal medical history, labor and delivery outcomes, postpartum outcomes, and neonatal outcomes. Data were mapped to predefined codes at the datacoordinating center. The abstracted data of key variables were compared with the medical records. High concordance was noted between the abstracted data and the medical records (>95% for 16 of 20 variables and !91.9% for all). 15 We limited the current analysis to morbidly obese women (BMI !40 kg/m 2 at the time of admission to labor and delivery) with singleton gestations with cephalic presentation delivered between 37 0/7 and 41 6/7 weeks' gestation. Women delivering >41 6/7 weeks' gestation were excluded because they were postterm, which would have been an indication for induction. We excluded women with BMI <40 kg/m 2 , previous cesarean delivery or uterine scar, congenital anomaly, chromosomal abnormalities, placenta accreta, placenta previa, HIV, herpes simplex virus infection, cardiac disease, and unknown cervical exam at admission, which were all derived from the medical record. Cardiac disease was supplemented by International Classification of Diseases, Ninth Revision, Clinical Modification codes (390-398, 410-429, 648.5, 648.6). We also excluded women who had scheduled nonmedically indicated cesarean delivery. Because expectant management may not be recommended when pregnancy is complicated by medical comorbidities, we generated the low-risk cohort by excluding all women with chronic maternal medical conditions that may necessitate induction of labor, including chronic hypertension along with gestational and pregestational diabetes mellitus. Because expectant management itself (continuing to be pregnant) is a risk for development of pregnancyassociated hypertensive disease (gestational hypertension; preeclampsia; HELLP syndrome [hemolysis, elevated liver enzyme, low platelet]; eclampsia) or fetal compromise, these women were retained in the cohort.
Nonmedically indicated inductions of labor were defined as follows. Indication for induction was recorded as: (1) elective or no indication was recorded and there were no pregnancy conditions that necessitated induction, including premature rupture of membranes, pregnancy-related hypertensive disease, fetal condition (eg, fetal growth restriction or abnormal antenatal testing), or abruption; and (2) postdates or postterm with no other indications listed but <41 weeks' gestation and there were no pregnancy conditions. 16 We compared nonmedically induced women with women who were expectantly managed (those who did not have nonmedically indicated induction) at early term (between 37 0/7 and 38 6/7 weeks' gestation) and full term (between 39 0/7 and 40 6/7 weeks' gestation) after stratifying by parity. 17 Women who delivered between 41 0/7 and 41 6/7 weeks' gestation were included as expectant management group. Induction of labor >41 0/7 weeks' gestation was not examined in this analysis. The expectant management group included women who subsequently went on to have spontaneous labor or indicated induction/cesarean delivery for a complication (eg, development of preeclampsia or nonreassuring fetal status) or a nonmedically indicated induction at a later gestational age. For example, the expectant management group at early term included women who underwent spontaneous labor at early term or full term, indicated induction of labor or cesarean delivery at early term or full term, and nonmedically indicated induction at full term.
Maternal age, race/ethnicity, insurance, marital status, BMI (kg/m 2 ), pregnancy-associated hypertensive disease, and birthweight were examined at early term and full term according to parity. Simplified Bishop score including cervical dilation, effacement, and station were evaluated at admission. 18 Unfavorable cervix was defined as simplified Bishop score 4, which has similar sensitivity and specificity to the original Bishop score 6. 18 We examined cesarean delivery rate as well as other maternal outcomes including operative delivery, third-or fourth-degree laceration, postpartum hemorrhage, hysterectomy, maternal death, and composite maternal outcome. Composite maternal outcome was defined as any of the following: transfusion, intensive care unit admission, or venous thromboembolism (deep venous thrombosis and pulmonary embolism). We also examined neonatal outcomes including shoulder dystocia, macrosomia (birthweight >4000 g), NICU admission, and composite neonatal outcome. Composite neonatal outcome was defined as any of the following: 5-minute Apgar score <5, stillbirth, neonatal death, or the clinical diagnoses of asphyxia or hypoxicischemic encephalopathy. Maternal and neonatal outcomes were derived from medical records. Postpartum hemorrhage was defined as recorded in the medical record by an estimated blood loss >500 mL for vaginal delivery and >1000 mL for cesarean delivery. 19 penalized maximum likelihood estimation was applied to remedy the problem of rare events in our logistic regression models. Post hoc power analysis to detect 2-fold increase in cesarean delivery rate with alpha of 0.05 was performed. All statistical analyses were performed using software (SAS 9.4; SAS Institute Inc, Cary, NC).
Results
Our study included 1894 nulliparous and 2455 multiparous morbidly obese women (Supplemental Figures 1 and 2 Table 3 . Nonmedically indicated induction of labor both at early and full term was not associated with increased risk of Table 4 . In multiparous women, nonmedically indicated induction of labor both at early term was not associated with an increased risk of cesarean delivery compared with expectant management. In multiparous women, nonmedically indicated induction of labor at full term was associated with a decreased risk of cesarean delivery (5.4% vs 7.9%; aOR, 0.64; 95% CI, 0.41e0.98) compared with expectant management. Maternal complications of nonmedically indicated induction of labor were comparable to those of expectant management. There was no hysterectomy or maternal death. Nonmedically indicated induction of labor compared with expectant management was associated with decreased risks of macrosomia (4.2% vs 14.3%; aOR, 0.30; 95% CI, 0.13e0.60) at early term, and composite neonatal outcome (0% vs 0.6%; aOR, 0.10; 95% CI, <.01e0.89) at full term. Of 6 women with the composite neonatal outcome in the expectant management group at full term, there were 2 stillbirths and 1 neonatal death. However, the number was not large enough to analyze each Post hoc power analysis showed that to detect a 2-fold increase in the cesarean delivery rate with an alpha of 0.05, the power was 66.1%, 94.4%, 74.7%, and 96.8% in early-term nulliparas, full-term nulliparas, early-term multiparas, and full-term multiparas, respectively.
Comment

Principal findings
In this multiinstitutional retrospective cohort study of morbidly obese women without chronic hypertension, gestational diabetes mellitus, or pregestational diabetes mellitus, we found that nonmedically indicated induction of labor at early and full term was not associated with an increased risk of cesarean delivery compared with expectant management in nulliparous women. In multiparous women, nonmedically indicated induction of labor at full term was associated with a decreased risk of cesarean delivery compared with expectant management. Nonmedically indicated induction of labor at full term compared to expectant management was associated with decreased risks of NICU admission in nulliparous women and composite neonatal outcome in multiparous women.
Meaning of the study
Previous studies comparing induction of labor with spontaneous labor in the general population showed an increased risk of cesarean delivery associated with induction of labor. [9] [10] [11] [12] [13] However, recent studies showed that induction of labor compared with expectant management did not show an increased risk of cesarean delivery in the general population. [20] [21] [22] In obese women, data regarding the association between cesarean delivery 2 ) using an administrative database, which showed elective induction of labor at 39 weeks' gestation was associated with a decreased risk of cesarean delivery compared with expectant management in both nulliparous and multiparous women. 23 In our study of morbidly obese women without other comorbidity, the risk of cesarean delivery associated with nonmedically indicated induction of labor was similar in nulliparous women at both early term and full term. Our study was different from previous studies since we only included morbidly obese women without other comorbidity. Similar to previous studies of the obese population, 14,23 our study did not show an increased risk of maternal complications associated with nonmedically indicated induction of labor compared with expectant management, although our study had limited power to detect a difference in rare but severe maternal complications.
Consistent with the previous study of obese populations, we found nonmedically indicated induction of labor at early term was associated with decreased risk of macrosomia compared with expectant management in both nulliparous and multiparous women. 23 Morbid obesity is a known risk factor for higher birthweight. 24 Since birthweight increases with gestational age, it is understandable that elective induction of labor was associated with a decreased risk of macrosomia compared with expectant management in our study. Consistent with a previous study of obese women, 23 our study did not demonstrate increased neonatal morbidities associated with nonmedically indicated induction of labor compared with expectant management. Nonmedically indicated induction of labor at full term was associated with a decreased risk of NICU admission in nulliparous women and composite neonatal outcome in multiparous women. It is important to note that our study lacked the power to detect difference in the infrequent morbidities.
Strengths and weaknesses
The major strength of our study included the use of a large data set from 9 ACOG districts from a contemporary US cohort that made our study generalizable. Our data from medical records are more reliable than administrative data, which have the disadvantage of lacking sensitivity and specificity. 25 Detailed data were available in the CSL data including cervical examinations at admission, allowing us to control for simplified Bishop score. Our study has a relatively large sample size to provide important information on the risk of cesarean delivery associated with nonmedically indicated induction of labor in morbidly obese women without other comorbidities. To our knowledge, this is the first study examining nonmedically indicated induction of labor in morbidly obese women.
There are a few limitations in our study, including its retrospective nature. It is possible that only women who were considered more likely to have successful vaginal delivery underwent nonmedically indicated induction of labor. To account for this possibility, we controlled for cervical ripeness. Even after controlling for the simplified Bishop score, nonmedically indicated induction of labor was not associated with an increased risk of cesarean delivery. Although the CSL analysis was conducted before the recommendation of avoiding nonmedically indicated induction of labor <39 weeks' gestation, 26 nonmedically indicated induction of labor was infrequent at early term. Therefore, our study was underpowered to evaluate maternal and neonatal outcomes at early term. The exclusion of women who underwent elective cesarean delivery could have skewed the results since these women were at similar risk for developing pregnancy-associated hypertension, macrosomia, and stillbirth. We analyzed data from 2002 through 2008. At that time, the definition of active phase was reaching a cervical dilation of 4 cm. Therefore, the cesarean delivery rate may be lower with current labor management in both women undergoing nonmedically indicated induction and expectant management. Finally, we assumed that induction was nonmedically indicated if a woman did not have any pregnancy conditions that necessitated induction, which may have led to misclassification.
Proposals for future research
In conclusion, nonmedically indicated induction of labor at early term and full term was not associated with increased risk of cesarean delivery compared with expectant management in morbidly obese nulliparous and multiparous women. Given that morbid obesity is a risk factor for stillbirth, a prospective study that compares the maternal outcomes including the cesarean delivery rate, perinatal mortality (stillbirths and neonatal deaths), and neonatal morbidity between nonmedically indicated induction and expectant management would be useful. n
